ABSTRACT
INTRODUCTION
Transcription of tRNA genes by RNA polymerase Im (Pol III) necessitates in most cases two promoter elements situated inside the coding region. These constitute the Internal Control Regions (ICR) box A and box B. The transcription complex made on these promoters directs the Pol III to initiate transcription upstream of the mature 5' end of tRNAs (reviewed in ref. 1) .
The selenocysteine tRNA(ser)sec gene must be considered separately. This tRNA is the carrier molecule upon which selenocysteine is synthesized and serves as a donor of selenocysteine to the nascent polypeptide in response to specific UGA codons ( reviewed in ref. 2) . Genes coding for tRNA(Ser)l are ubiquitous in the animal kingdom (3) and are also found in enterobacteria (4) . Transcription of the tRNA(ser)sec gene also deserves special interest. It was previously shown that, unlike classical tRNA genes i) the start of transcription coincides with the mature 5' end (5) ii) box A is debilitated by a two nucleotide insertion iii) a TATA sequence is required for efficient transcription (6) . In a recent work, we reported the detailed analysis of the tRNA(Ser)sec gene transcription by RNA polymerase III and showed that the promoter of this gene is tripartite (7) . It is constituted by two upstream elements, a PSE (Proximal Sequence Element) and a TATA motif, in addition to the internal box B as in the other tRNA genes. The PSE and the TATA motifs are also two essential promoter elements of the vertebrate U6 and 7SK RNA genes which together constitute another class of Pol mI genes with external promoter elements (reviewed in [8] [9] [10] . The interplay of these two promoters confers the Pol HI specificity to the vertebrate U6 gene (11) (12) (13) (14) (15) (16) . However, the PSE which is also found in Pol H snRNA genes, although similar in sequence and required for efficient and accurate Pol II transcription (reviewed in 8) is not positionally equivalent to the Pol Im PSE (16) .
Based on the fact it shares promoter elements with U6 and classical tRNA genes, the tRNA(ser)sec gene constitutes the paradigm of an intermediate class of Pol mII genes. Upstream of the PSE, at about -220/-260 bp, is found in U6 and Pol II snRNA genes an element termed the DSE (Distal Sequence Element) which functions as an activator element always containing the octamer sequence ATGCAAAT as an obligatory motif. The activator element of the human 7SK gene, whose transcription functions similarly to U6 genes (17) , requires a CACCC motif (18) . It is unclear, however, whether this sequence could cooperate with an octamer sequence in vivo. A number of Pol II snRNA gene DSEs have been dissected, leading to the conclusion that other motifs always functionally cooperate with the octamer. Protein Spl binding sites were found in the human and X. laevis U2 gene DSEs (19-2 1) , SPH motifs in the chicken Ul and U4B gene DSEs (22) (23) (24) (25) and CREB and AP2 motifs in the human U4C DSE (26) . As yet unknown motifs were also mapped in addition to Spl and octamer motifs in the X. laevis U2 DSE (21) and in the X. laevis U5 DSE in conjunction with the octamer (27 The 157 bp BamHI-BglII fragments of C343 and C343 bearing S-210/-207 (see Figure IB) were inserted in the wt orientation into the BamHI site of pBLCAT8+ (36) to generate (wt AE)-tkCAT and (mut.AE)-tkCAT, respectively. Other constructs were previously described (7, 11) Oocyte microinjections X. laevis oocyte nuclei were microinjected with 20 nl of DNA at a final concentration of 800 yg ml-l. In the experiments shown in Figures 1A, 2 Figure 4C , the templates and the pCH110 vector (37) were coinjected at a concentration of 300 itg ml1-and the final DNA concentration was maintained to 800 ,tg ml-I by addition of pUC19 DNA.
CAT activity in Xenopus oocytes Extracts from 10 microinjected oocytes incubated at 19°C for 20 h were prepared as described in (38) . The ,B-galactosidase activity used to monitor the injection efficiency was measured in the extracts as described in (39) . The quantity of the extract used for the CAT activity was adjusted according to the injection efficiency indicated by the (3-galactosidase activity. The volume of extract was completed to 100 /l with 250 mM Tris-HCl (pH 8). 20 !d of 4mM acetylcoenzyme A and 0.2 yCi of 14C chloramphenicol (60 mCi/mmol) were added and the reaction was carried out as described in (39) .
Bandshift
The gel retardation assay was performed essentially as described in (40) 
RESULTS
An activator element lying between -209 and -195 contains an SPH motif In the recent report in which we provided a detailed analysis of the X. laevis tRNA(ser)sec gene transcription, we mentioned that it may contain an upstream activator element (7) . In order to characterize it, the following experiments were carried out. Knowing that the upstream boundary of the gene maps at position -318, a series of 5' truncated mutants extending from -300, -280, -260, -240 and -220 were prepared by PCR. The effect on transcription of these deletion mutants was measured by Xenopus oocyte nuclei microinjections in the presence of a tRNA(ser)sec maxigene as a competitor to obtain a more stringent assay. None Figure 1B ) has no incidence on the template activity which remains at the wt level (Figure lA, lane 5). Therefore the SPH motif which we have identified in the X.laevis tRNA(Ser)sec gene resembles the chicken U4B SPH motif (25) in structure much more than the SV40 Sph-I motif (Table I) .
The nature of this element was further elucidated by an experiment in which the 15 bp DNA motif was flipped or moved 46 bp upstream or downstream of its normal position. Figure 3 ) or 8 bp upstream (positions -225,-218) of the AE motif (construct tRNA+octa 2 in Figure 3 ) to mimic the situation found in the chicken U4B gene DSE (23) . The results of the coinjection with the tRNA(Ser)Sec maxigene as the reporter (compare lanes 2, 3 and 4 in Figure 3) show that an octamer motif does not provide a competitive advantage to a tRNA(Ser)sec containing only the AE motif since both type of genes are transcribed equally well.
The SPH motif forms in vitro a specific complex with a nuclear protein different from TEF-1 To determine whether the AE can bind in vitro a nuclear protein, a mobility shift assay was carried out. A 143 bp DNA fragment extending from -265 to -123 or the same fragment but carrying the S-208/-191 substitution (listed in Figure IB) were used in this study with Hela nuclear extracts. Comparison of lanes 2 and 4 in Figure 4A indicates that formation of complex A is abolished when the mutant is used instead of the wt DNA fragment. Formation of this complex A is competed when a double-stranded oligodeoxynucleotide corresponding to regions -210 to -189 and therefore containing the SPH motif is added in the binding reaction as a specific competitor ( Figure 4A lanes 5 and 6) Figure 4A lanes 7 and 8) .
The bandshift analysis shows that the region comprised between -209 and -195, which constitutes the activator, specifically binds a protein contained in the Hela nuclear extracts. As formation of the resulting complex A is not inhibited by a competitor containing the U2 snRNA gene octamer sequence (1 1), this complex does not contain an octamer binding protein (data not shown).
We have shown that the 15 bp motif contains a perfect match with the GCATGC Sph-I motif contained in the SV40 enhancer (Table 1 ). This enhanson binds the transcriptional activator TEF-1 (40, 42) . We wished to determine whether this transcription factor is also able to bind in vitro the tRNA(Ser)Sec SPH motif . To do this, nuclear extracts prepared from Hela cells expressing the recombinant TEF-1 protein (a generous gift from I. Davidson and P. Chambon) were used in an in vitro binding experiment ( Figure 4B) . Figure 4B ), even at an as low as 50 fold molar excess (lane 5). Figure 5C . Comparison of lanes 2 and 3 shows that the presence of the AE element induces stimulation of the CAT activity by a factor 3 (in Xenopus oocytes, activity of the tk promoter is responsible for the relatively strong signal observed in lane 2; see also reference 45). In lane 4, is shown the CAT activity driven by the tk promoter upstream of which was hooked a mutant AE. This construct, (mut. AE)-tkCAT, carries in place of the wt AE the substitution mutant S-210/-207 which led to a drop in tRNA(ser)Sec transcription in vivo ( Figure IA, lane 11) . Comparison of lanes 2, 3 and 4 shows that (mut. AE)-tkCAT does not stimulate CAT activity which only yields the signal due to the tk promoter alone. The correlation between the absence of stimulation of the CAT activity (lane 4) and the use of the mutant AE which has lost its activation property in the tRNA(ser)S, gene context ( Figure IA, The sequence similarity is perfect with the U4B DSE. The only sequence variation in the Ul DSE occurs in the triplet sandwiched between the SPH motif and the GCG and which we have shown not to be important for the function of the X.laevis tRNA AE. We have shown that the CCA sequence preceding the SPH motif is important for the AE function and it is also absolutely required for the binding of the SBF factor to the chicken U4B DSE (25) . This suggests that SBF might also mediate the stimulatory effect of the X.laevis tRNA(Ser)sec AE. This is also corroborated by our data which established that TEF-1, the transcriptional activator which binds the SV40 Sph-I motif (42) is not able to form a complex in vitro with the tRNA AE. The AE element showed capacity to activate U1 snRNA gene transcription. In the Pol II snRNA gene context, the tRNA(Ser)Sec AE could not stimulate U 1 transcription as much as the U 1 DSE did. This might be an effect of the remote position of the AE relative to the position of the octamer in the wt U1 gene. However, it is worthnoting that in the chicken U I and U4B DSEs, the SPH motif cooperates with an octamer motif since either of these two elements taken separately does not productively stimulate transcription (see Introduction for references). Therefore, we favor the possibility that the lower ability of the tRNA(Ser)Sec activator to stimulate U 1 gene transcription is due to the absence of an octamer motif which in chicken U 1 and U4 snRNA genes must function in concert with an SPH motif. This study also provided evidence that the AE element is versatile since it is capable of stimulating transcription not only of snRNA genes but also of the thymidine kinase gene. Interestingly, the absence of an octamer both in the AE element and in the flanking regions, together with the observation that adding it does not provide a competitive advantage lead to the more general notion that an octamer binding protein is dispensable for activation of transcription of the Pol HI snRNA-type genes. What could then be the mechanism by which the AE element fulfills its activation potentiality? It is very likely that transcription complexes made on X.laevis tRNA(Ser)sec templates are extremely stable, suggesting that the stabilization of these by OTF-l (as it is required in the U6 gene, our unpublished results) is unnecessary. The DNA sequence of the bovine tRNA(ser)se (46) in a region homologous to that of the X.laevis tRNA(Ser)Sec is shown in Table 1 . Eleven of the 12 important base pairs constituting the X.laevis tRNA(ser)sec AE are strictly similar in the bovine counterpart. Surprisingly, in the latter, 2 bp downstream of the SPH motif lies a perfect octamer sequence. The question which now arises is the following. Why in the bovine tRNA(Sr)Sec is the SPH motif followed by an octamer sequence while it is not in the X.laevis gene? We hypothesize that sequences residing at or near the X.laevis tRNA(ser)sec basal promoter are sufficient to allow the establishment of a stable transcription complex in an octamer-independent fashion. This is what we are currently investigating.
